m 



(12) 



UK Patent Application GB „„ 2 1 78 2 1 0 A 



(43) Application published 4 Feb 1987 



f 7 1 \ Annlicatinn No 861 2869 


(51) INTCL* 


G08G 1/12 


(22) bate of filing 27 May 1986 


(52) Domestic classification (Edition 1): 




G4Q CB 


(31) 8513377 (32) 28 May 1985 (33) GB 




(56) Documents cited 




GB A 21 60344 GB 071 5992 Uo WU9o/o 




GB 1438183 


(71) Applicant 


(58) Field of search 


London Buses Limited 




G4Q 


(Incorporated in United Kingdom) 


Selected US specifications from IPC sub-classes B61L 


G08Q 


55 Broadway* Westminster. London SW1 H OBD 




(72) Inventors 




Phil Wood 




Michael Gordon Heath 




(74) Agent and/or Address for Service 




F J Cleveland & Company, 




40-43 Chancery Lane« London WC2A 1JQ 





(54) Transportation systc^m 

(57) A transportation system in which 
a plurality of passenger carrying 
vehicles 10 convey passengers over 
a network of routes between 
embarkation and disembarkation 
points. The position of the vehicles 
along the routes is sensed 
periodically and the sensed 
information transmitted to a control 
30, 32. The control processes the 
information and then transmits to 
apparatus at each embarkation point 
data relating to the expected arrival 
times of the vehicles. 



FIG A 

DATA CHANNELS 








llNE 






LAND' 


LINE 


{ ( 


)- 



FLEET LOCAL 
CONTROL CONTROL 



LOCAL 
CONTROL 



00 

O 
> 



The drawlng(s) originally filed was/were informal and the print here reproduced is taken from a later filed formal copy. 
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SPECIFICATION 

Transportation system 

5 This invention relates to transportation sys- 
tems. In particular the invention relates to 
transportation systems in which a plurality of 
passenger carrying vehicles convey passen- 
gers over a network of routes. 

10 In a bus transportation system, a plurality of 
buses convey passengers over a network of 
routes between embarkation and disembarka- 
tion points. It has been proposed to monitor 
the movement of buses within the network, 

15 by sensing the position of buses along the 
length of each route and to transmit informa- 
tion regarding each bus to one or more con- 
trol stations. The sensing can be carried out 
by equipment mounted on board the bus or 

20 by equipment fixed at the roadside or installed 
elsewhere or by a combination of these. This 
Information can be processed to provide an 
indication of the state of the network. If 
necessary controllers at the control station 

25 can relay instructions or information to the 
buses. 

It has now been appreciated that this ar- 
rangement can be extended to provide infor- 
mation for passengers at the embarkation and 

30 disembarkation points. 

According to the present invention there is 
provided a transportation system in which a 
plurality of passenger carrying vehicles convey 
passengers over a network of routes between 

35 embarkation and disembarkation points, said 
routes having a plurality of appropriately lo- 
cated sensing means for sensing said vehicles, 
processing means for receiving data indicative 
of sensed vehicles from said sensing mean, at 

40 least some embarkation and/or disembarkation • 
points being provided with apparatus which is 
responsive to signals received from said pro- 
cessing means to provide information relating 
to said vehic;,es, said information including ex- 

45 pected arrival times for vehicles at said em- 
barkation and disembarkation points, and 
wherein said processing means is arranged to 
compute said expected arrival tinries on the 
basis of currently received data and previously 

50 stored data. 

Each sensing means may be arranged to 
sense signals transmitted by a vehicle as the 
vehicle passes thereby, the signal transmitted 
by each vehicle incorporating a code indicative 

55 of that particular vehicle. 

Data may be transmitted from each sensing 
means to said processing means by a radio 
link. Alternatively the data may be transmitted 
via communications cables. 

60 Sensing means provided oh the vehicles 
may receive signals transmitted from roadside 
or other equipment and may combine the in- 
formation represented by these signals with 
.information from other on board sensing 

65 means for use in location of the vehicle. The 



combined information may be transmitted to 
the processing means directly or via roadside 
equipment. 

The processing means may comprise one or 
70 more computers. The computer or computers 
may be located at one central location. Alter- 
natively there may be several computers distri- 
buted throughout the network. 
Said apparatus may comprise visual display 
75 apparatus. The information may be transmitted 
to said visual display apparatus by way of 
radio links. The information, may include ex- 
pected arrival times of said vehicles. 
The invention will be described now by way 
80 of example only with particular reference to 
the accompanying drawings. In the drawings 
Figure 1 is a block schematic diagram of a 
transportation system in accordance with the 
present invention, and Figure 2 illustrates the 
85 system in operation. 

The transportation system illustrated sche- 
matically in the drawing is one in which a 
plurality of buses such as that shown at 10 
operate over a network routes conveying pas- 
90 sengers between a plurality of embarkation 
and disembarkation points 1 1 hereinafter re- 
ferred to as bus-stops. The network of routes 
is provided with a plurality of sensors such as 
a road loop beacon shown at 14 for sensing 
95 the location of the buises 10. Each bus 10 has 
transmitting and receiving equipment which 
when it passes a beacon, transmits an appro- 
priate signal to the beacon. This signal incor- 
porates a code indicative of the particular bus. 

100 The bus or the beacon then relays signals 

indicative of the bus and its location to a sta- 
tion 16. As shown in the drawing the com- 
munication between the beacon 13 and the 
station 16 is a radio type link although it 

105 could also be a communications cable. Alter- 
natively as each bus passes the beacon it may 
receive coded signals from the beacon. These 
signals may include a code indicative of the 
particular beacon. The equipment mounted on 

110 the bus may combine the received information 
with other information from on board sensors 
such as distance travelled since passing a 
beacon or since the last transmission. This 
combined information can then be transmitted 

115 to the processing means by a radio or other 
link. This can be provided via the transmitting 
and receiving apparatus carried by the bus and 
aerial 22 and station 16. It could also be 
transmitted to station 30. Each station 16 is 

120 linked to a computer 18 which receives data 
indicative of bus information for appropriate 
processing. The computer can be used to pro- 
vide information fmr controllers who can ac- 
cess the computer via control terminals shown 

125 at 20. In addition the computer can be used 
to generate information for transmission to the 
buses e.g. information to a driver. This can be 
provided via the station 16 and aerial 22 for 
reception by the transmitting and receiving 

130 apparatus carried by the bus. 
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Associated with the station 16 is a further 
station 30 which can be a separate station or 
part of the station 16. This station 30 can 
receive the data received at the station 16 for 
5 transmission to a computer 32. The computer 
32 receives the data indicative of bus move- 
ments and locations, processes that data, and 
assembles messages for transmission via the 
station 30 and an aerial 33 to a suitable dis- 

10 play apparatus located at each bus-stop 11. 
This Information can for example be a forecast 
of the expected arrival time of identified 
buses. In addition the computer 32 can re- 
cieve commands fed in from a control terminal 

15 38. 

Each bus 10 has associated with it a unique 
code and data indicative of this code is 
transmitted to a road loop beacon as the bus 
passes that beacon. Thus data Indicative of 

20 the position of a particular bus can be 

transmitted via an associated station 16, 30 
to the computer 18, 32. The data can also be 
transmitted directly from the bus to the sta- 
tion 16, 30 without passing via the beacon. 

25 This data is processed in the computer 18 for 
use by traffic conorollers. The computer 32 
processes the information so that it can be 
used to generate messages for transmission 
to the display apparatus located at each bus- 

30 stop 1 1 . The information can take the form 
for example of estimated times of arrival of 
particular buses. If necessary information can 
be input manually into the computer 32 via 
the control terminal 38 in order to take ac- 

35 count of delays caused by for example break- 
downs or roadworks. 

The process of forecasting arrival times is 
essentially that of converting distance Into 
time. As the progress of a bus is monitored 

40 on a regular basts its distance from a particu- 
lar stop is known. Then knowing its rate of 
progress the expected time of arrival can be 
evaluated. However it will be appreciated that 
the relationship between distance and time is 

45 not the same for all sections of network nor 
is it constant throughout an extended length 
of time. For this reason the forecasting 
method incorporates a bus progress monitor- 
ing technique which continually updates esti- 

50 mates of running times between defined 
points along the route. 

For example buses can be polled by the 
central computer approximately every 60 sec- 
onds. The location of a particular bus is de- 

55 fined by the identity of the last beacon which 
it passed and the number of distance incre- 
ments traverse since passing the beacon. 
Thus a route can be considered as several 
sections of road each of a particular length. 

60 Average running times over individual road 
sections in a senes are continuously updated 
by monitoring the progress of each bus along 
that route. Applied to each bus the monitorin- 
g/update procedure involves calculating the 

65 average running time per distance increment 



for that bus since the previous poll. Running 
time records along specific road sections tra- 
versed by the bus can then be updated by 
calculating the weighted average of previous 

70 and latest average running times. Other fac- 
tors can be taken into account such as the 
comparative journey speeds on a particular 
bus and the actual time interval (or headway) 
since the preceding bus. The inclusion of ac- 

75 tual Information on the running times of this 
bus and preceding buses can greatly increase 
the accuracy of time of arrival estimates. This 
data is then used to generate the necessary 
information for driving the displays located at 

80 each bus-stop. 

There are several ways in which this can be 
achieved and the following example illustrates 
the principle. Consider a bus route from Grove 
park to Marble Arch. Starting with zero odom- 

85 eter increments at Grove Park (Lewlsham stop) 
and peckham West (Victoria stop), the north- 
bound route was taken as three series of spe- 
cific sections of road with each section 80 
feet In length and defined as an incremental 

90 number of odometer Increments from the 
starting point. The three series were: 

(a) Grove Park to New Cross, 

(b) Hither Green to Catford (calibrated 
against (a) at Catford Broadway), and 

95 (c) Peckham West to Marble Arch. 

Stop locations were also defined as num- 
bers of odometer increments from starting 
points. Bus locations expressed as odometer 
Increments past specified road loops were re- 
100 calculated as odometer Increments from Grove 
park or peckham West. 

Average running times over specific sections 
of route were monitored by simply keeping 
track of previous and latest bus locations, and 
105 the time between polls. 

For Instance: previous location = road sec- 
tion 33 (33 Increments from starting point) 
latest location = road section 35 time be- 
tween polls = 66 seconds average progress 
110 over sections 33 to 45 was 6 seconds/sec- 
tion. 

Weighted average progress over these sec- 
tions was then updated in the following way: 

sections 33 to 45 : 0.9' old value -h 0.1* 
115 new value 

sections 35 to 44 : 0.8* old value + 0.2* 
new value 

However, if previous and latest bus loca- 
tions are equal (little or no progress) the up- 

120 date procedure is aborted. This can cause 
bias in the case of buses delayed in very 
heavy traffic, but in the majority of cases no 
progress means mechanical problems etc., and 
so requires screening from the normal update 

125 procedure. 

To estimate the time to arrival at a stop the 
processor sums the average running times 
over all the "road sections" between the bus 
and the stop. However, certain other factors 

130 can be taken Into account. These are: 



)NSOOCID- <GB 



21 7821 OA r > 



GB2 178210A 



. (a) headway of next bus; 

(b) delay In processing time; 

(c) message cancellation; 

(d) no reply to poll. 

5 

(a) Headway 

Arrival times can be under-estimated If 
. headways of the next bus are not being taken 
into account. An approximate correction is to 
10 increase times of arrival by 10%. 

(b) & (c) Delay in Processing/Message Cancel- 
lation 

Any delay between receiving bus location 
15 Information and updating displays needs to be 
subtracted from the estimated time to arrival. 
In additiion, with location polls only every min- 
ute and information polling constrained to fol- 
lowing location polling, the best strategy for 
20 message cancellation is to cancel up to 20 
seconds early if necessary. This Is illustrated 
in Figure 2. 

(d) No Reply to Poll 

25 This is a special case. The last estimated 
time to arrival based on known location is 
reduced by the time since that location was 
reported. In other words, normal progress 
was assumed. 

30 As described the computers 18, 32 are lo- 
cated at one central location. It will be appre- 
ciated that there could be several computers 
distributed throughout the network. 

Also as described communication between 

35 the stations 16, 30 and the beacons 14 and 
bus-stops 11 is by way of radio links. The 
communication could be provided via com- 
munications cables. 
The information on the locations of the 

40 vehicles may be used to provide information 
on the buses that will arrive at the stop to 
passengers waiting at bus stops or at other 
places. This information may include for each 
route or service the time until the next buses 

45 will arrived bases on actual traffic and other 
conditions and updated estimates of journey 
times from the buses current location to the 
bus stop. Where a route or service may serve 
more than one destination, information can be 

50 given on the actual destination of these buses. 
Further information can be given on events 
and traffic conditions which may delay or dis- 
rupt the operation of the service at that time 
or in the future. Information on the numbers 

55 of seats available on the bus may also be 
provided. 

CLAIMS 

1 . A transportation system in which a plu- 
60 rallty of passenger carrying vehicles convey 
passengers over a network of routes between 
embarkation and disembarkation points, said 
routes having a plurality of appropriately lo- 
. cated sensing means for sensing said vehicles, 
65 processing means for receiving data indicative 



of sensed vehicles from said sensing means, 
at least some embarkation and/or disembarka- 
tion points being provided with apparatus 
which is responsive to signals received from 

70 said processing means to provide information 
relating to said vehicles, said information in- 
cluding expected arrival times for vehicles at 
said embarkation and disembarkation points, 
and wherein said processing means is ar- 

75 ranged to compute said expected arrival times 
on the basis of currently received data and 
previously stored data. 

2. A system as claimed In claim 1 wherein 
correction or weighting factors are applied to 

80 said data. 

3. A system as claimed in claim 1 or claim 
2 wherein each sensing means is arranged to 
sense signals transmitted by a vehicle as the 
vehicle passes thereby, the signal transmitted 

85 by each vehicle incorporating a code indicative 
of information relating to that particular 
vehicle. 

4. A system as claimed in any one of 
claims 1 to 3 wherein data is transmitted 

90 from each sensing means to said processing 
means by a radio link. 

5. A system as claimed In any one of 
claims 1 to 3 wherein the data is transmitted 
via communications cables. 

95 6. A system as claimed in any preceding 
claim wherein sensing means are provided on 
each vehicle to receive signals from roadside 
or other equipment, said sensing means being 
arranged to combine the information represen- 
100 tated by those signals with information from 
other on board sensing means for use in loca- 
tion of the vehicle, said combined information 
being transmitted to said processing means. 

7. A system as claimed in any preceding 
105 claim wherein the processing means com- 
prises one or more computers. 

8. A system as claimed in claim 7 wherein 
the computer or computers are located, at one 
central location. 

110 9. A system as claimed in claim 7 wherein 
there are several computers distributed 
throughout the network. 

10. A system as claimed In any preceding 
claim wherein said apparatus comprises visual 

115 display apparatus. 

11. A system as claimed in claim 10 
wherein the information is transmitted to said 
visual display apparatus by way of radio links. 

12. A transportation system substantially as 
120 hereinbefore described with reference to and 

as shown in the accompanying drawings. 
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